The presence of peptide hydrolases in cereal grains has been known for many years (5) but the detailed properties of only a few highly purified enzymes of this type from cereals are known (1, 6, 8) . We have reported recently the presence in germinated barley (2) and in wheat embryo (7) of at least four esterases which hydrolyze a-naphthyl acetate. One of these (ANA'-ase IV) from germinated barley, and present also in wheat embryo, has been purified extensively, examined for peptide hydrolase activity, and found to possess broad dipeptidase activity.
The presence of peptide hydrolases in cereal grains has been known for many years (5) but the detailed properties of only a few highly purified enzymes of this type from cereals are known (1, 6, 8) . We have reported recently the presence in germinated barley (2) and in wheat embryo (7) of at least four esterases which hydrolyze a-naphthyl acetate. One of these (ANA'-ase IV) from germinated barley, and present also in wheat embryo, has been purified extensively, examined for peptide hydrolase activity, and found to possess broad dipeptidase activity.
Methods for the assay of esterase activity using ANA as substrate, and the chromatography of barley proteins on carboxymethyl cellulose are described (2) as are the procedures for gel filtration through Sephadex G-100, protein measurement (1) , and the assay of endopeptidase activity with hemoglobin substrate (3) . A unit of ANA-ase is defined as that amount of enzyme which hydrolyzes 1 mumole of ANA per minute under the assay conditions. Barley (Hordeum vulgare L., var. Trophy) was germinated in the dark and 150 g of the lyophilized whole seedling were extracted as described previously (1) . The dialyzed extract was chromatographed on a 2.5-X 40-cm column of CMC by means of a sodium acetate buffer gradient (0.005-0.5 M) at pH 5.5 and filtered once through a 2.5-X 40-cm column of Sephadex G-100. The eluate was concentrated by ultrafiltration through No. 8 Visking dialysis tubing to 49 ml containing 36,800 units of ANA-ase and 235 mg of protein.
The enzyme was purified further by electrofocusing on the LKB 8100 column (LKB Instruments, Inc.) described by Haglund (4) with a 1% ampholyte solution of isoelectric range pH 4 to 6 and the 49 ml of sample. A potential of 500 v was applied to the column for 48 hr with the anode at the bottom of the column.
Fractions of approximately 1 ml were collected from the developed column by displacement with water at a pumping rate of 0.6 ml/min. The effluent was not monitored for protein at 280 nm with a flow cell because this decreased the resolution of the isoelectric protein bands. The peak for the ANA-ase activity ( Fig. 1 NaCl, followed by dialysis against two 175-ml portions of 0.05 M phosphate buffer (pH 7.0) in order to remove the bulk of the ampholyte and sucrose. The retentate was then concentrated to 0.3 ml by exosmosis with solid sucrose. One half of this solution was applied to each of two preparative scale polyacrylamide disc gel columns (1 X 10 cm) for electrophoresis as previously described (6) . Slices approximately 1-mm thick from these columns after electrophoresis were eluted in 1 ml of 0.05 N phosphate buffer (pH 7.0), to yield the enzyme distributed as shown in Table I for the first electrophoretic purification. Eluates from slices 14 to 16 of column 1, and slices 15 to 17, inclusive, of column 2 were pooled to yield 7.0 ml of solution containing 7,000 units of ANA-ase IV. This solution (6.1 ml) was dialyzed for 2 hr against 1300 ml of 0.05 M phosphate buffer (pH 7.0), and concentrated to 3 ml by ultrafiltration followed by further concentration to 0.4 ml by exosmosis with sucrose. The concentrated enzyme was applied to a preparative electrophoretic column. Slices from this column after electrophoresis yielded the results shown in Table I for the second electrophoretic purification. Eluates from slices 13, 14, and 15 were pooled and dialyzed against three 1,300-ml portions of 0.05 M phosphate buffer (pH 7.0), over a period of 12 hr. A total of 8,960 units of ANA-ase IV were obtained in 2.8 ml. About 65% of the activity remained after each preparative gel electrophoresis. Because the protein content of the solution was too low to be measured by the Lowry method, the absorbance 400 300k To determine the purity of the enzyme preparation, 800 Al were concentrated to 50 ,ul by exosmosis against sucrose and the concentrate was examined by disc electrophoresis (90 min with a current of 6 ma) as previously described (6). Figure 2 shows the stained product obtained by the disc electrophoresis technique. There appears to be only one main band of stained protein. The faintly stained area following this band may be a streaking effect or an impurity present in very small amount. The ability of the purified ANA-ase IV to hydrolyze simple peptides and amino acid analogs was determined by subjecting to thin layer chromatography samples of incubation mixtures of enzyme and substrate as previously described (1) . The results of these tests are given in Table H together with comparable data (6) . No high order of specificity is apparent from the limited number of substrates used, although a glycyl residue on the carboxyl side of the peptide bond prevented or delayed hydrolysis in all but one of the ten such substrates tried. The wide variety of substrates hydrolyzed otherwise shows that ANA-ase IV has appreciable peptide hydrolase activity. A comparison of these data with those obtained with barley peptide hydrolase A, which was purified by disc electrophoresis, reveals a remarkably similar pattern (Table  II) . Results with only a few of the substrates tested differed for the two enzymes. A comparison of the elution characteristics of the two enzymes from CMC clearly shows they are different enzymes, however. Peptide hydrolase A is not adsorbed on CMC at pH 5.5 in the presence of 0.005 M acetate buffer. ANA-ase IV is adsorbed under these conditions and not eluted with less than 0.4 M acetate buffer (2) . This behavior is consistent with the isoelectric points of the two enzymes as determined by electrofocusing. ANA-ase IV is isoelectric at pH 5.90 and peptide hydrolase A is isoelectric at approximately 4.4. The purified ANA-ase IV showed no endopeptidase activity with hemoglobin as substrate.
To distinguish it from peptide hydrolases A and B present in germinated barley (1, 6) , we propose that the enzyme, hitherto called barley ANA-ase IV, be designated as barley peptide hydrolase C.
